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2.  

ABSTRACT 

We report  on the cha rac t e r i s t i c s  of the diurnal ly  varying electron flux 

observed near the polar cap. 

servations near F t .  Churchill,  Manitoba i n  1967 of both the e lec t ron  

flux v e r t i c a l l y  incident on the atmosphere and the electron splash a l -  

bedo. 

t o  the f lux  of e lectrons below 100 MeV incident on the atmosphere during 

daytime. 

energies $100 MeV i s  consistent with geomagnetic cutoff var ia t ions cal-  

culated for  models of the magnetosphere. We deduce a geomagnetic cutoff 

r i g i d i t y  of 6 1 7  MV for  the nighttime in te rva l  and between 70 and 110 MV 

for  the daytime in t e rva l  a t  an invariant  l a t i t ude  near 68 

The discussion is  based upon balloon ob- 

W e  measured an electron splash albedo flux below 100 MeV equal 

The observed diurnal  var ia t ion  of the flux of electrons with 

0 i n  1967. 
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INTRODUCTION 

Measurements of the energy spectrum of cosmic ray  electrons are 

important t o  s tud ies  of the so la r  modulation and the o r i g i n  of cosmic 

rays.  A t  present, few d i r e c t  measurements with s a t e l l i t e  experiments 

outside the influence of the magnetosphere a r e  avai lable ,  and then only 

for  energies below about 40 Mev k l i n e  e t  a l ,  19641, b l i n e  and McDonald, 

e t  a l ,  1968. The majority of e lec t ron  observations so f a r  have 1 
been performed on balloon payloads, and were subject t o  atmospheric and 

geomagnetic influences.  While the measurements of many invest igators  

show reasonable agreement for  e lectron fluxes a t  energies above several  

hundred MeV, the quoted r e s u l t s  a t  lower energies a r e  considerably more 

uncertain. Early measurements of e lec t ron  fluxes below about 100 Mev by 

Meyer and Vogt , Beedle and Webber 

a (then unknown) s igni f icant  component of re turn  albedo electrons.  The 

study of the diurnal  var ia t ion  of low energy e lec t ron  fluxes by J o k i p i i  

e t  a 1  F967] and the following work by Webber 1968 and Israel and Vogt 

[19684 produced a more meaningful der ivat ion of primary fluxes by ident i -  

fying the daytime component of the diurnal ly  varying e lec t ron  f lux  a t  the 

top of the atmosphere as re turn  albedo and the nighttime component as 

I 1  -- 

primaries. There s t i l l  e x i s t s  however, a concern about an apparent dis-  

crepancy between the low primary e lec t ron  fluxes derived from balloon 

observations and the  s a t e l l i t e  r e s u l t s  of Fan e t  a 1  1968 , which a r e  

c loser  i n  magnitude t o  the higher albedo fluxes quoted by I s r a e l  and 

Vogt k96Sbl .  I n  t h i s  paper w e  s h a l l  present fur ther  evidence, based 

I. I 
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upon our 1967 observations of the  diurnal  va r i a t ion  of e lec t ron  fluxes 

near the  polar cap and d i r e c t  measurements of the  e lec t ron  albedo, which 

supports the in t e rp re t a t ion  of the  diurnal  va r i a t ion  f i r s t  proposed by 

Jok ip i i  e t  a 1  1967 . 1 1  
INSTRUMENT 

The detector  system used i n  these observations w a s  a s c i n t i l l a t i o n  
v 

counter telescope (Tl, T2) including a gas Cerenkov counter (C), and a 

spark chamber with lead p l a t e s  and a s c i n t i l l a t i o n  counter for energy 

determination. 

ing paper [ I s rae l  1969a], hereaf te r  re fer red  t o  a s  paper 1. Three of the  

balloon observations t o  be discussed (Fl ights  C1, C2, C3) were performed 

This detector  system has been described i n  an accompany- 

with the  "normal" detector  configuration a s  described i n  paper 1. One 

other  observation (Fl ight  C4) was performed with a modified detector  con- 

f igurat ion.  The f i r s t  modification involved changing the  coincidence 

requirement for  ana lys i s  from a T1, T2, C t r i p l e  coincidence t o  a double 

coincidence between T 1  and T2, recording separately with each event 

whether a t r i p l e  coincidence occurred. 

th ick  lead p la tes  t o  the  spark chamber. They were placed i n  four spaces 

2 Secondly, w e  added four, 5.8 g/cm 

between chamber gaps where the  normal configuration contained no lead. 

This modification allowed the measurement of low energy protons and alpha 

p a r t i c l e s  which stopped o r  interacted i n  the spark chamber. It a l so  

allowed a lower, although less clean, energy threshold for  e lec t ron  

measurements. 

coincidence events except where otherwise noted. 

I n  t h i s  paper, a l l  e lec t ron  measurements a r e  due t o  t r i p l e  
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BALLOON FLIGHTS 

The data reported i n  t h i s  paper a r e  derived from four balloon 

f l i g h t s  with our e lec t ron  detector.  The balloons were launched from Fort  

Churchill,  Manitoba i n  June and July, 1967. Table 1 summarizes per t inent  

f l i g h t  conditions. 

pointed toward the zenith.  During f l i g h t  C3 the detector  was inverted 

t o  look a t  the upward moving, splash albedo. 

On f l i g h t s  C1, C2, and C4 the detector  telescope 

Contours of constant geomagnetic cutoff r i g i d i t y  i n  the Churchill 

v i c i n i t y  are shown i n  Figure 1. Also shown a r e  the t r a j e c t o r i e s  of the 

four f l i g h t s  Raven, 19671. The cu tof fs  i n  t h i s  f igure were calculated 

using a spherical  harmonic expansion of the ear th ' s  in te rna l  magnetic 

f i e l d  Shea e t  a l ,  19685. The t rue  cutoffs  a r e  lower than these values 

and vary with loca'l t i m e  a s  shown i n  t h i s  paper. 

i 

i 
A l l  f l i g h t s  occurred during q u i e t  geomagnetic conditions. Figure 2 

shows the planetary magnetic index, Kp, during the period of our observa- 

t ions [Lincoln, 1968 . The d a i l y  averages of t h e  

monitor count r a t e  during a l l  f l i g h t s  differed by 

from t h a t  of f l i g h t  C l  Lockwood, J. A., pr iva te  

evidence t h a t  these f l i g h t s  occurred during quie t  

so la r  proton monitor on the Explorer 34 s a t e l l i t e  

1 

1 

M t .  Washington neutron 

less than 2 percent 

communication . Further 

t i m e s  comes from the 

[ESSA, 19681. No so lar  

1 

protons with energy above 30 Mev were detected outs ide the magnetosphere 

from 9 June, a week before f l i g h t  C1, through the end of July. A barely 

detectable f lux of 10 MeV protons, l e s s  than 0.2 particles/cm 

present during f l i g h t  C1, but none was detected a t  the dates of our other 

f l i g h t s .  

2 sec sr, was 
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OBSERVATIONS 

Figure 3 shows the  event rate of low-energy electrons observed a t  

f l o a t  a l t i t u d e  a s  a function of l oca l  t i m e .  The c l ea re s t  evidence of a 

diurnal  f lux  va r i a t ion  occurs i n  these events of type 1, which represent 

e lectrons of approximately 1 2  t o  50 Mev a t  t he  detector .  (The discussion 

of energy determination and event types i s  given i n  paper 1.) 

three curves of Figure 3 represent the r a t e  of type 1 events during 

f l o a t  periods of f l i g h t s  C1, C2, and C4, i n  which the detector  was orien- 

ted toward the zenith.  The dashed curves indicate  the atmospheric secon- 

dary contr ibut ion as discussed i n  an accompanying paper 

hereaf te r  re fer red  t o  a s  paper 3. 

r e f l e c t  changes i n  the  balloon a l t i t u d e .  

The f i r s t  

the  

I s r ae l ,  1969b , t 1 
Variations i n  the  secondary f lux  

The f i r s t  two in t e rva l s  p lo t ted  for  f l i g h t  C1 represent data gathered 

during the  l a s t  seventy minutes of ascent.  

p lo t  t o  ind ica te  the  morning t rans i t ion ,  which for tu i tous ly  occurred j u s t  

as the balloon reached f l o a t  a l t i t u d e .  This time i s  the l a t e s t  recorded 

occurrence of the morning step,  and t h i s  f l i g h t  is  the f i r s t  t o  record 

both a morning f lux  increase and an evening decrease. 

They are included i n  t h i s  

I n  the data of 

f l i g h t s  C2 and C4 the  morning s t ep  i s  a l so  apparent, occurring e a r l i e r  and 

less sharply than i n  C1. 

evening t rans i t ion .  

F l igh ts  C2 and C4 were terminated before the  

For comparison, t he  bottom curve i n  Figure 3 gives the  r a t e  of type 

1 events observed during f l i g h t  C3, when the detector  was or iented toward 

the  nadir  t o  observe splash albedo. This p l o t  displays no t r ans i t i on  
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comparable t o  the  s teps  during the other  f l i g h t s .  

because the  primary cosmic rays responsible for  the albedo electrons have 

r i g i d i t y  above 0.8 GV, subs tan t ia l ly  higher than the i n t e r n a l  f i e l d  geo- 

magnetic cutoff along our f l i g h t  t r a j e c t o r i e s .  

We expect no t r a n s i t i o n  

I n  Figures 4, 5, and 6 w e  present the t i m e  dependence of the event 

r a t e  for  each of the  four types of e lectron events for  f l i g h t s  C1, C2, 

and C4, respectively.  The counting s ta t is t ics  for  type 2 events a r e  not 

a s  good a s  for  type 1 and the f lux  var ia t ion  i s  not as  large, but an  even- 

ing t r a n s i t i o n  i s  apparent during f l i g h t  C 1  and a morning t r a n s i t i o n  i n  C2. 

There may be a similar t r a n s i t i o n  i n  C4, but i t  is not a s  obvious. 

The event r a t e s  f o r  types 3 and 4 display no s igni f icant  diurnal 

f lux var ia t ion .  This fact ,  as w e l l  a s  the lack of a f lux t r a n s i t i o n  i n  

f l i g h t  C3,  indicates  t h a t  the t r a n s i t i o n s  i n  the f lux  of low energy electrons 

observed on f l i g h t s  C1, C2, and C4 a r e  not instrumental e f f e c t s .  Additional 

evidence t h a t  the detector  response did not vary during the f l i g h t s  comes 

from the observed f lux  of very high energy protons. 

labeled P, i n  Figures 4, 5, and 6 displays the r a t e  of events sa t i s fy ing  

the  following c r i t e r i a :  

The bottom plot ,  

V 

a )  

b) 

Cerenkov counter s igna l  accompanies the event. 

Both energy loss counters r e g i s t e r  a pulse height corresponding 

t o  energy loss  between 0.5 and 1 .7  times "minimum". 

c)  N o  guard counter s ignal  accompanies the event. 

d) The spark chamber contains a s ing le  s t r a i g h t  track. 

These events record protons above 16 Gev which do not i n t e r a c t  i n  the 
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detector.  Because of t h e i r  very high r i g i d i t y ,  w e  expect the f lux  of 

these protons t o  display no temporal var ia t ion.  

I n  Figure 6 ,  w e  a l s o  plot ,  a s  type 0, events sa t i s fy ing  a l l  cri teria 
V 

for  type 1 except for  the lack of a Cerenkov s ignal .  These represent 

e lectrons of approximately 4 t o  12  MeV;  i .e. ,  they have s u f f i c i e n t  energy 

t o  penetrate the telescope counters, but t h e i r  energy i s  below the Cerenkov 

counter's e f fec t ive  threshold. 

t o  be due t o  atmospheric secondary gammas which pair-produce or  Compton- 

s c a t t e r  i n  the  f i r s t  lead p l a t e  and produce an upward-moving e lec t ron  

t h a t  t r iggers  the telescope. Because of the large background, it i s  

d i f f i c u l t  t o  derive a meaningful absolute e lec t ron  f lux  from these events. 

However, w e  expect the background t o  be constant, so the  change i n  count 

r a t e  observed between 0600 and 0800 loca l  time indicates  t h a t  the diurnal 

V 

We expect a large f rac t ion  of these events 

var ia t ion  does occur for  e lectrons whose energy a t  the detector  i s  below 

1 2  MeV. 

Table 2 summarizes the observed r a t e s  for each type of event. We 

tabulate  rates for  night and day intervals ,  a s  well a s  for  the e n t i r e  

f l o a t  periods. The arrows a t  the top of Figures 4 ,  5, and 6 indicate  the 

data used for  the night and day p a r t s  of t h i s  tabulation. These data were 

selected t o  include only time in te rva ls  when both type 1 and type 2 event 

r a t e s  were within one standard deviation of t h e i r  mean night o r  day values. 

The rates shown i n  Table 2 v e r i f y  our previous q u a l i t a t i v e  statements, 

t h a t  events of types 0, 1 and 2 have a c lear  diurnal var ia t ion,  while 

events of types 3, 4 ,  and P have no s t a t i s t i c a l l y  s ign i f icant  var ia t ion.  
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DISCUSSION 

Our r e s u l t s  c l e a r l y  show the presence of the diurnal var ia t ion  of 

low energy e lec t ron  fluxes near Fort  Churchill i n  1967, which was seen 

by J o k i p i i  e t  a 1  Webber 

Our data from f l i g h t  C1 (see Fig. 3) a l s o  represent the  f i r s t  observation 

of the morning and evening t r a n s i t i o n  on the same f l i g h t ,  lending support 

t o  the model of J o k i p i i  t h a t  t h e i r  observa- 

t ions of individual morning o r  evening t rans i t ions  f i t  i n t o  the pa t te rn  

of a diurnal var ia t ion,  i .e. ,  t h a t  the higher fluxes e x i s t  during the 

whole daytime in te rva l ,  and the lower fluxes during the  whole nighttime 

interval ,  and a r e  not r e s t r i c t e d  t o  a few hours. A s  proposed by Jokip i i  

-- e t  a1  [1967], the diurnal var ia t ion  of low energy e lec t ron  fluxes can be 

re la ted  t o  a diurnal  change i n  the geomagnetic cutoff,  with lower cutoffs  

prevai l ing during the nighttime in te rva l .  I f  the nighttime cutoff value 

l ies  below the detector threshold, the  observed nighttime electron f lux a t  the 

top of the atmosphere consis ts  of primary p a r t i c l e s .  During the day interval ,  

when a higher cutoff prevails,  primaries below cutoff a r e  excluded, and 

re turn  albedo p a r t i c l e s  with r i g i d i t i e s  below 

The lowered nighttime cutoff due t o  the 

sphere was f i r s t  calculated by Reid and Sauer 

[I9671 and Gall  e t  a 1  1968 computed cutoffs  --i 1 

cutoff a r e  observed. 

t a i l  s t ruc ture  of the magneto- 

[ 19671. Subsequently, Taylor 

a t  various l a t i t u d e s  and 

loca l  t i m e s  by numerical integrat ion of charged p a r t i c l e  o r b i t s  i n  the 

Williams and Mead 1965 model magnetosphere, o r  a similar model. We s h a l l  

compare t h e i r  results with our observations below. 
I 1  
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Experimental evidence for  the diurnal  va r i a t ion  of geomagnetic 

cu tof fs  a t  r i g i d i t i e s  2 5 0  MV has a l s o  been derived from s a t e l l i t e  

observations of low energy protons [Stone, 19641, [ Paulikas e t  a l ,  19683 . 
The e lec t ron  measurements allow us  t o  extend these s tud ies  t o  lower 

r i g i d i t i e s ,  below 20 MV. 

Our analysis  benef i t s  from the  important f a c t  t h a t  w e  made measure- 

ments of both the d iurna l ly  varying, downward moving f lux  and of the splash 

albedo. 

location, within one month on magnetically quie t  days, and so permit a d i r e c t  

comparison between the  d iurna l ly  varying f lux  of downward moving electrons 

and the  splash albedo electrons near the  same locat ion.  The mean daytime 

type 1 r a t e  i n  f l i g h t s  C1,  C2, and C4 is 35 ,+ 1.5 events/hour. 

our bes t  estimate of the  atmospheric secondary contr ibut ion (see paper 3) 

leaves 26.8 _+ 1.5 events/hour a s  the  r a t e  due t o  e lec t rons  incident  a t  the  

top of the atmosphere. This value i s  i n  good agreement with the  corres- 

ponding splash albedo r a t e  of 25.6 ,+ 1.8 events/hour. 

the model i n  which the high daytime f lux  of e lectrons i s  r e tu rn  albedo. 

Further support for  the model comes from t h e  observation t h a t  the  

nighttime f lux  i s  s ign i f i can t ly  lower than the splash albedo. A s  shown 

i n  paper 3, the nighttime type 1 event r a t e  is consis tent  with the  r a t e  

expected from atmospheric secondaries alone; an upper l i m i t  t o  t he  contr i -  

bution from e lec t rons  incident a t  t he  top of the atmosphere i s  3.9 events/ 

hour. 

an upper l i m i t  t o  the r e tu rn  albedo. Thus, the r e tu rn  albedo a t  night  i s  

less than 15 percent of the splash albedo, and i n  fac t  may be zero. This 

These data  were gathered with the  same detector,  near the same 

Subtracting 

The agreement supports 

By assuming there  a re  no primary electrons,  3.9 events/hour represent 
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lack of re turn  albedo a t  night over a wide range of loca l  t i m e s  provides 

strong support for  the model i n  which the  measured nighttime f lux  ( a f t e r  

subtract ing atmospheric secondaries) is the f u l l  primary flux. W e  know 

of no mechanism by which both r e t u r n  albedo and primaries can be excluded 

from the observations. The lack of re turn  albedo indicates  t h a t  the 

splash albedo escapes from the ear th;  primary p a r t i c l e s  must  be ab le  t o  

t r a v e l  s imilar  t r a j e c t o r i e s  i n  the opposite d i rec t ion  and reach the earth.  

We derive an upper l i m i t  t o  the nighttime cutoff r i g i d i t y  (averaged 

over the  nighttime period of observation) i n  the following manner: We 

t r e a t  the events of type 1 as being electrons with energy between 12 and 

50 Mev a t  the detector .  This i n t e r v a l  corresponds t o  1 7  t o  57 MeV a t  the 

top of the atmosphere. W e  assume t h a t  the daytime count ra te ,  a f t e r  sub- 

t r a c t i n g  atmospheric secondaries, represents the f lux  of r e t u r n  albedo 

between 1 7  and 57 MeV, while the corresponding nighttime count rate repre- 

sen ts  re turn  albedo between 1 7  MeV and En, the  e lec t ron  energy corresponding 

t o  the nighttime cutoff .  

r e t u r n  albedo; r and r are the daytime and nighttime count r a t e s  for  d n 

events of type 1 ( a f t e r  subtract ing secondaries). Then 

Let j ( E )  be the d i f f e r e n t i a l  energy spectrum of 

[ En j(E)dE 
r 

r 
n 

d 
- -  J17 - 

r 57 
(5) 

'17 
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We take j(E) 

spectrum below 100 MeV (see paper 1). 

= KE-' in accordance with the measured splash albedo 

This gives 

En 
r n 
d 

(17 MeV) exp 7 57 
17 

.e n - 

Taking r = 26.8 events/hour and rn 6 3 . 9  eventsjhour, we derive En (20 MeV. d 
For flight C4 we may further lower this estimate for the average 

nighttime cutoff by considering the type 0 events (Fig. 6). The change in 

count rate indicates that the nighttime cutoff lies somewhere in or below 

the interval 4 to 12 MeV. Since 12 MeV at the detector corresponds to 

17 Mev at the top of the atmosphere, we conclude that the average nighttime 

cutoff rigidity during flight C4 is below 17 MV. 

d.' To estimate the daytime cutoff energy, E we assume that the day- 

time energy spectrum has a discontinuity at EA, the electron energy at 

the detector corresponding to E Electrons 

with energy above E' are above the cutoff at all times, day and night, so 

we take the total daytime spectrum (primaries plus atmospheric secondaries) 

above E: to be the same as the locally measured nighttime spectrum at the 

same energies (see paper 3) .  Below E: the daytime spectrum is the sum of 

return albedo and atmospheric secondaries. We estimate the return albedo 

spectrum as equal to our measured splash albedo spectrum (see paper l), and 

the daytime atmospheric secondary spectrum as equal to the nighttime one. 

at the top of the atmosphere. d 

d 
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We then calculate ,  for  various values of E 

nighttime count r a t e s  for  each type of e lectron event. We find t h a t  the 

the r a t i o  of daytime t o  d' 

observed daylnight r a t i o  for  type 3 events, 1.05 ,+ 0.28, i s  inconsistent 

( >  1 . 5 ~ )  with the calculated r a t i o  i f  E ,110 MeV. 

the observed day/night r a t i o  of type 2 events i n  f l i g h t s  C2 and C4, 

On the other hand, d 

3.25 ,+ 0.95, i s  inconsistent with the calculated r a t i o  i f  Ed 4 70 MeV. 

W e  thus estimate t h a t  the geomagnetic cutoff r i g i d i t y  averaged over the 

daytime in te rva l  lies between 70 and 110 MV. 

I n  Figure 7 w e  compare the cutoff r i g i d i t i e s ,  derived above under 

the assumptions of a sharp cutoff and the equal i ty  of the splash and 

r e t u r n  albedo spectra with those of other experiments and calculat ions.  

The daytime cu tof fs  observed i n  t h i s  experiment and by Stone p 9 6 4  and 

Webber k968] a r e  i n  q u a l i t a t i v e  agreement with the calculat ions of Gal l  

-- e t  a 1  b968]showing a sharp decrease i n  the daytime cutoff near 70° l a t i -  

tude. However, the experimental data show t h a t  t h i s  decrease occurs near 

68' ra ther  than 70' as calculated by Gal l  e t  a 1  

cutoff upper l i m i t  which i s  v a l i d  a t  l a t i t u d e s  as l o w  a s  67 , is  i n  quali-  

1968 . Our nighttime -4 1 
0 

0 
t a t i v e  agreement with Gall e t  a 1  but extends about 2 lower i n  l a t i -  

tude than t h e i r  calculat ions predict .  Our nighttime r e s u l t  i s  consistent 

with those of other experimenters, and i s  a l so  consis tent  with the calcu- 

l a t i o n  of Reid and Sauer and t h a t  of Taylor 

W e  do not consider the discrepancy between the observed cutoffs  and 

those calculated by Gal l  e t  a1 1968 a s  serious.  Similarly, the dis-  E l  
crepancies among the various calculat ions a r e  not serious.  Each of these 

calculat ions uses a highly idealized model of the magnetosphere i n  which 
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the e a r t h ' s  i n t e r n a l  f i e l d  i s  taken a s  a simple dipole;  the  dipole ax is  

and the geographic a x i s  are both assumed t o  be perpendicular t o  the 

e c l i p t i c  plane. 

the  neut ra l  sheet a r e  used i n  each calculation, and the t rue  values of 

these parameters a r e  not yet accurately known. We must conclude t h a t  

the q u a l i t a t i v e  agreement between the measured and calculated cutoff 

behavior supports the basic  propert ies  of the model. 

Different values of the posi t ion and f i e l d  s t rength of 

While the observations of Jokip i i  e t  a 1  1967 and Webber [1968] --I 1 
place the morning and evening 

approximately a t  0600 and 1800 hours loca l  t i m e  respectively,  w e  have 

investigated the dependence of the t r a n s i t i o n  time on geomagnetic l a t i t u d e .  

I n  Figure 8 we represent the t r a j e c t o r i e s  of f l i g h t s  C1, C2, and C4 i n  a 

coordinate system of geomagnetic l a t i t u d e  vs. loca l  time. Along each 

t r a j e c t o r y  w e  indicate  when the type 1 event r a t e  was within one standard 

deviation of i t s  day or night value (from Fig. 3 ) .  It appears t h a t  the 

geomagnetic cutoff remains below 20 MV l a t e r  i n  the morning a t  higher 

l a t i t u d e s .  This i s  q u a l i t a t i v e l y  reasonable because a t  s u f f i c i e n t l y  high 

l a t i t u d e s  (>70° i n  the model of Gall  e t  a 1  

remain below 20 MV a t  a l l  times. It would not be appropriate t o  make any 

detailed,  quant i ta t ive  conclusions from the r e s u l t s  i n  Figure 8. I n  most 

cases the  counting s t a t i s t i c s  introduce a t  l e a s t  a half  hour uncertainty 

i n  the time of a f lux  change. Furthermore, the three f l i g h t s  occurred 

over a period of a month, and changes i n  the de ta i led  configuration of 

t rans i t ions  of low-energy electron fluxes 

1968 ) the  cutoff would I 1  

the magnetosphere during t h a t  t i m e ,  although unlikely (see Fig. 2), could 

produce some of the  differences which we observe between f l i g h t s .  
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Referring t o  Figures 4, 5, and 6 w e  note an addi t ional  feature  of 

the t r a n s i t i o n  t i m e .  The rate of type 2 events drops t o  i t s  nighttime 

value earlier i n  the eveding and returns  t o  the daytime value l a t e r  i n  

the morning than does the r a t e  of type 1 events. This feature  indicates  

t h a t  the change i n  cutoff from below 20 MV t o  near 90 MV occurs over a 

period of from one t o  three hours. Gall) e t  a 1  1968 , have calculated 

the var ia t ion  of geomagnetic cutoff with t i m e  a t  67.8' l a t i tude .  

previously noted, t h e i r  noon and midnight cutoff r i g i d i t i e s  do not agree 

quantitatively with our observations; however, we again have q u a l i t a t i v e  

agreement, because t h e i r  calculat ions show t h a t  the change i n  cutoff 

r i g i d i t y  occurs gradually over a period of several  hours. 

-4 1 
As 

The consistency of e s s e n t i a l  features  of the  observed diurnal  var i -  

a t i o n  of low energy e lec t ron  fluxes with predictions based on models of 

the magnetosphere, together with d i r e c t  measurements of the electron 

albedo, s t rongly supports the conclusion t h a t  primary electron f lux measure- 

ments below about 100 MeV can be performed only during the  nighttime 

in te rva l .  

W e  p rof i ted  from stimulating discussions with Professor E. C. Stone. 

This work was supported by the National Aeronautics and Space Administration 

under grant NGL-05-002-007. 
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TABLE 2 

ELECTRON-EVENT RATES 

(Rates a r e  expressed a s  events/hour. Only s t a - i s t i c a l  uncertainty 
i s  indicated) 

Event In te rva l  F l igh t  
Type (a) C1 c2 c4 c3 

N 
D 

N 
D 
F 

N 
D 
F 

N 
D 
F 

N 
D 
F 

N 
D 

10.7 k 1.9 
33.0 k 1.9 - 
6.9 k 1.5 

11.4 k 1.1 - 
3.1 k 1.0 
2.7 k 0.6 
3.0 +_ 0.5 

3.1 k 1.0 
2.7 5 0.6 
2.7 k 0.5 

9.6 k 1.8 
9.8 k 1.1 

8.1 k 2.0 
39.0 rtr 3.6 - 

3.1 k 1.2 
9.6 ? 1.8 - 
2.0 k 1.0 
2.0 rtr 0.8 
1.7 5 0.4 

1.0 k 0.7 
3.3 k 1.0 
2.7 k 0.6 

9.2 k 2.2 
10.6 rtr 1.9 

45.1 k 4.4 
59.4 k 3.6 

8.7 k 1.9 
36.4 rtr 2.9 - 

3.5 k 1.2 
10.2 k 1.4 - 
3.0 k 1.1 
3.9 rtr 1.0 
3.1 5 0.6 

1.3 k 0.7 
1.2 k 0.5 
1.4 rtr 0.4 

11.3 k 2.2 
9.2 k 1.5 

- - 
25.6 k 1.8 

- - 
10.4 k 1.1 

- - 
2.5 rtr 0.6 

- 
0.36k 0.21 

F 9.5 k 0.8 9.3 +_ 1.1 9.8 k 1.1 

(a) N - night i n t e rva l  
D - day in t e rva l  
F - e n t i r e  f l o a t  period, including night,  day, and intermediate 

interva Is. 

(b) In  f l i g h t  C4 (modified configuration) the ca l ib ra t ion  for  events 
of type 3 and 4 i s  d i f f e ren t  from corresponding ca l ibra t ions  for  
other f l i g h t s .  See paper 1 and "INSTRUMENT" i n  t h i s  paper. 
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FIGURE CAPTIONS 

Fig. 1 Tra jec tor ies  of the balloon f l i g h t s  and contours of constant 

geomagnetic cutoff r i g i d i t y .  Cutoffs a r e  derived from the 

in t e rna l  geomagnetic f i e l d  only. 

Fig. 2 Planetary magnetic index, K during summer 1967. Numbered bars  
P’ 

ind ica te  balloon f l i g h t s .  

Fig. 3 Type 1 event r a t e  vs. l oca l  time a t  the  detector ,  during f l i g h t s  

C1, C2,  C 4 ,  and C3. 

Solid l i n e  - observed event r a t e .  Error bars 

ind ica te  typ ica l  s t a t i s t i c a l  e r ro r s .  

Dashed l i n e  - calculated r a t e  due t o  atmospheric 

secondary electrons.  

Fig. 4 Fl ight  C 1 .  Rate of e lec t ron  events of type 1, 2, 3, 4 and proton 

events (type P) vs.  l oca l  t i m e  a t  the detector .  The four types 

correspond approximately t o  e lec t ron  energies a t  the  top of the 

detector  of 1 2  t o  50, 50 t o  100, 100 t o  350, and 350 t o  1000 MeV 

respec t ive ly  (see paper 1). 

Fig. 5 F l igh t  C2 .  (See caption of Fig.  5) 

Fig. 6 Fl igh t  C4. (See caption of Fig.  5 ) .  I n  addi t ion,  events of 

Typical s t a t i s t i c a l  e r ro r s  a r e  shown. 

Type 0 a r e  included. 

Fig.  7 Geomagnetic cutoff  r i g i d i t y  vs. geomagnetic dipole l a t i t ude .  The 

curves represent  calculated v e r t i c a l  cutoff  r i g i d i t i e s  (R ). 

Curve 1 - i n t e rna l  f i e ld ,  Rc = 14.9 GV cos A. 

Curve 2 - noon cutoff  Gal l  et al, 1968 

C 

4 

[ I 
Curve 3 - midnight cutoff e t  a l ,  19681 
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3 Curve 4 - midnight cutoff Reid and Sauer 196 c 
The crosses indicate  the noon and midnight cu tof fs  calculated 

for  pa r t i c l e s  incident pa ra l l e l  t o  the loca l  f i e l d  l ines  

l o r  19671. Experimental r e s u l t s  (Open symbols represent day- 

time cutoffs;  so l id  symbols, nighttime cutoffs.)  

Circles - t h i s  work 

Triangles - Stone 1964 The horizontal  bar indicates  the [ I  
range of l a t i t udes  over which the "polar foot" 

was observed during the day. 

Diamonds - Paulikas e t  a l .  

Squares - Webber 

The calculat ions assume tha t  the in te rna l  f i e l d  of the ea r th  

i s  a simple dipole; the l a t i t u d e  shown is  the dipole la t i tude .  

Our experimental points a r e  plot ted a t  a la t i tude ,  h, defined 

4 by Rc = 14.9 (;v cos h where R is the cutoff calculated on 
C 

r 1 
the  basis  of the r e a l  i n t e rna l  f i e l d  Shea et&. 1968 . For 

the l a t i t udes  considered i n  t h i s  paper, the l a t i t u d e  so derived 

agrees within k 0.2' with invariant  la t i tude .  

I J 

Fig. 8 Latitude and loca l  time of nighttime and daytime count r a t e s  

for  events of type 1. 

cos4 h where R 

Latitude is  defined by Rc = 14.9 GV 

is  the v e r t i c a l  cutoff based upon the ea r th ' s  
C 

i n t e rna l  f i e l d  only 



Fig ,u re  1 
". - 



F i g u r e  2 



0 

20 

0 

40 

3 

\ 

0 
> 

20 

0 

20 

. 

c2 

---e--- -- 

c3 

F i g u r e  3 



40 

20 

0 

10 

0 
5 

0 

5 

0 
20 

IO 

0 

DAY lGHT 

- . . 

LOCAL TIME (HOU 

F i g u r e  4 



40 

20 

0 

IO 

0 
5 

0 

5 

0 
20 

10 

2 0 4 IO 12 
LOCAL TI 

Figure  5 



3 
0 
X 
\ 

50 

0 

40 

20 

0 
20 

10 

0 

5 

0 
5 

0 
20 

10 

0 

F i g u r e  6 



1000 

100 

IC 
I 

I I I 

0 70 80 
GEOMAGNETIC LATITUDE ( A )  



P - I 
(3 

7 
- 

w 

Figure  8 


